


Wide Angle Scanning Planar Phased 
Array Antenna (Invited) 


Shaogqiu Xiao( #4 Az), Yan Li(2=#*), Ren Wang( 王 任 )， 
Youfeng Chen( 程 友 峰 ), Xiao Ding( T f$), 
Wei Shao( 邵 维 ) and Bing-Zhong Wang( 王 秉 中) 


School of Physical Electronics 
University of Electronic Science and Technology of China, Chengdu 
电子 科技 大 学 物理 电子 学 院 计算 电磁 学 及 其 应 用 实验 室 


2017-08-03 





Copyright 


©The use of this work is restricted solely for academic 
purposes. The author of this work owns the copyright 
and no reproduction in any form is permitted without 
written permission by the author. 





Abstract: 

Linear and 2-D phased arrays with wide-angle scanning аге 
expected, especially for low elevation target searching. Many 
efforts have been done to enlarge the scanning range. There are 
several methods to broaden the scanning coverage of array. In this 
presentation, we only focus on enlarging the beam-width of 
elements to improve the wide-angle scanning performance of array. 
Pattern reconfigurable antenna, which increases beam-width 
equivalently, is used in a linear Vivaldi array for wide-angel 
scanning in time-domain. Element with Inherent wide beam is 
applied in linear and 2-D phased array to extend the scanning 
region. 
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ВЭЭ Computational Electromagnetics Laboratory 


Planar phased array is applied extensively in 
civilian and military field. 





Airborne 


Ground-based 












A Key Shortcoming and Challenges About Planar 
Phased Array: limited beam scanning range 


Non effective radiation range 








Beam scanning 
effective coverage r: 
(conical surface) 


Non effective radiation ra 


How to extend the effective coverage range of beam scanning? 
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* Wide angle scanning phased array base on pattern reconfigurable 
antenna 
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Reflection coefficient Radiation pattern 
State I: k1 and k2: on; k3 and k4: off; called R-mode 
State ll: k1 and k2: off; k3 and k4: on; called L-mode 
State Ill: k1 and k2: off; k3 and k4: off; called B-mode 


All elements in B-mode — All elements in R-mode _ All elements in L-mode 





Realize wide angle scanning together 


By shifting states of the elements and adjusting the excitations of the 
elements, a good performance is achieved with 1 x 8 array: 
Scanning range: -60° ~ 60° ; 
Gain fluctuation: « 3 dB ; 
Side lobe level: | « -10dB 





Linear array with time-domain antenna element 


Energy pattern reconfiaurable element 





In time domain, energy pattern is adopted to 
replace the radiation pattern in frequency 
domain. And the fidelity of the wave-form is 
also an important consideration. 

They are defined as follows: 
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Performance of three reconfigurable modes 


Energy Patten 
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Maximum direction of Mode-1: -45° 
Maximum direction of Mode-2: 0° Fidelity > 0.9 


Maximum direction of Mode-3: +45° 








Using energy pattern reconfigurable element forms 1*8 linear 
array for beam scanning. 


The active VSWRs are lower than 2.2 on the frequency of 3.4~7.2GHz 
when scanning on the direction of -70°~+70° of the energy pattern. 











The energy pattern can scan from -70°~+70°. When using Mode-1 on 
the scanning of -70°~-10° , Mode-2 on the scanning of -10~+10° ,Mode-3 
on the scanning of +10°~+ 70°. 


Energy Pattern 
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The fidelities are all more than 0.9 on the scanning of the maximum 
radiation direction of the energy pattern. 


















Image theory 





converge of element because of specific boundary condition. 





Example of MpE 





Wide-angle scanning phased array with magnetic dipole on metal plate 
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Gain/dBi 


The loaded parasitic elements widen the 
radiation beam of the magnetic dipole. 














" Antenna element 


P Т The 3dB beam coverage range is from - 
È 75° — 75° in the elevation plane. 
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8-element phased array with 
microstrip magnetic dipole elements 


Spacing between elements is 1/3A9. 
Strong coupling effect contributes to 
the broad beam coverage of the 
active element pattern of the array. 


The 3 dB beam coverage range of the 
active element pattern is over +80° 
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A active element M4-sim. 
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Fabricated and measured photograph 


The measured and simulated 
results indicate that the array 
can scan its main beam from - 
78° ~79° with a maximum 
gain of 15.2dBi and a 
minimum gain of 12.9dBi over 
the entire scanning range. 
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Simulated scanning pattern 
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Measured scanning pattern 









Example of JpM 


Wide-angle scanning phased array with electric dipole on artificial 
magnetic wall 
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The periodic metal structure printed on grounded substrate has a reflection phase 
of 0° at 5.8GHz, which means the surface can be regarded as an artificial 
magnetic wall. 








Antenna element is formed by a metal strip placed on the 
designed artificial magnetic wall 
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Radiation beam in E-plane is extended as the increasing of periodic structure 
number. 





Array prototype 
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Comparison of end-fire patterns of Beam scanning performance of 
different array proposed array 


The results indicate that the array can scan its main beam from -90° ~90° witha 
maximum gain of 15dBi with fluctuation of 3dB over the entire scanning range. 
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Although the linear array can scans its main beam within wide 
angle range, there are huge challenge to realize two- 
dimensional wide-angle scanning for planar phased array 
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-5 Directivity of the array 


7,” factor decline when the 
, 


scanning angle of phased 
array increase. 


The ideal aperture 
efficiency is close to 
cos(@,) . This characteristic 
is unfavorable for wide 
angle scanning 


ВЭЭ Computational Electromagnetics Laboratory 














Low profile Vivaldi array for wide angle scanning application 





All-metal Vivaldi antenna has been used extensively in wide band phased array 





Wide band phased array with All-metal Vivaldi antenna 


Disadvantage: high profile (about 2~3 wavelength at highest operation 
frequency) and space range of beam scanning not so wide 





An all-metal Vivaldi antenna made of stainless steel with 
coaxial feed and a copper floor is designed. 





The element width is selected to be 12mm (0.48*A o) and the profile is only 
9.4mm (0.376*A,), where A, is the wavelength corresponding to the highest 
operating frequency in free space. 





The frequency band range of the element is 7.2GHz-12GHz 


H-plane patterns are almost all omnidirectional patterns 
E-plane HPBWs: 150° (8GHz) id 
186° (10GHz) 
202° (12GHz) эме 


Radiation PatiemotHplane 29.00 | 


Radiation Patter of E-plane 
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1X8 linear array with E-plane coupling 





E plane HSDedni 5 











Element distance : 13.5mm 
Gains: 
8.68dBi(BGHz) 
11.98dBi(10GHz) 
12.16dBi(12GHz) 
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1X8 linear array with H-plane coupling 








Element distance : 12mm 
Gains: 
9.33dBi(8GHz) 
10.40dBi(10GHz) 
11.30dBi(12GHz) 
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When the array scans from broadside to 56°, the gain decline 3dB at 10GHz 
However, the active S parameters is so bad 
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8X8 all-metal Vivaldi array with triangular lattice 
structure and absorber 














When the array scans from broadside to 56°, the gain decline 3dB at 10GHz 
However, the active S parameters are also improved remarkably. 
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2-D Planar Wide-Angle Scanning Phased Array Based on 
Wide-Beam Elements 











Element structure design 
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The parasitic pixel surface is able to 
induce significant currents due to the 
strong coupling between the driven 
antenna and the parasitic surface. 
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(a) (b) 
Fig.3. Simulated and measured radiation pattern of the antenna at 5.2 GHz. 
(a) xoz-plane. (b) yoz-plane. 


The measured HPBWs of the antenna are 188° and 156: in the two 
planes. The simulated and measured peak gains are 2.86 and 2.12 dBi, 
respectively. 
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Fig. 4. 8 x 8 planar array with the pixel layer-based antenna elements. 
(a) Lower layer. (b) Upper layer. 
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Fig. 5. Fabricated prototype of the proposed plamar array. (a) Top view. 
(b) Back vie 
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Fig. 6. Computed embedded input reflection coefficients of the four center 
elements in the planar array when the array scans to different angles. (a) Element 
28. (b) Element 29. (c) Element 36. (d) Element 37. 
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Fig. 8. Array scanning performance with optimized inputs at 5.2 GHz. 
(a) xoz-plane. (b) yoz-plane. 


Array supports a wide-angle scanning from -75° to 78° along the 
xoz-plane, and -75» to 77» along the yoz-plane, respectively. 








TABLE I TABLE II 
OPTIMIZED INPUTS OF THE PHASED ARRAY SCANNING IN x03-PLANE OPTIMIZED INPUTS OF THE PHASED ARRAY SCANNING IN yoz- PLANE 





























(Л E s 55° 15° +55° em 
Comm! — 0583 — 0s7l4 02857 Rowl 03810 — 06508 — 02540 06190 
Column 2 — 08730 05873 02857 Row2 — 060320 07778 0380 06190 
Colmn3 — 07619 — 0639 03810 Row3 0843 08889 03333 0.5873 
Amplitude Column 1.0000 06667 0444 Amplitude Row4 09683 04921 05079 06349 
v Column 07143 06349 08413 04762 (у) Row5 0769 08095 06190 07619 
Column 06825 04286 09683 03651 Row6 06825 06667 07460 0.5873 
Column? 0.58733 04107 07778 03651 Row7 05238 03810 05872 05070 
Columns — 04762 — 03016 05714 06508 Rows — 03333 — 0333 — 0380 — 04444 
Columm! 95.6250 180.000 61750 292.500 Row 1 337.5000 247.5000 2250000 1293750 
Column 2 2081250 2756250 135.0000 Row2 1237500 16.8750 — 112000 343.1250 
Column 3 354.3750 1743750 — 354.3750 Rowi3 2643750 191.2500 320.6250 1856250 
Phase Column 4 123.7500 292.500 562500 191.250 Phase Row 4 0 343.250 2475000 337500 
(degree) Сошта5 2587500 1012500 298.1250 39.3750 (degree)  Row5 1518750 1462500 1350000 — 247.8000 
Column 11.2500 258.7500 1856250 2362500 Row 6 2418750 2025000 3487500 90.0000 
Column? — 157.5000 562500 39.3750 843750 Row7 22.5000 84370 2137500 292.5000 


Column 8 247,500 247.5000 286.8750 — 2812500 Rows 1012500 2643750 95.6250 140.6250 
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Conclusions: 


© The background of researches on wide angle 
scanning phased array is introduced 


€ Two kinds of methods have been proposed to 
realize wide angle scanning for linear array. 


@ Two examples of planar phased array for two- 
dimensional wide angle scanning have been 
demonstrated 





Thank you for your attention ! 





2018 Microwave Week 
2018 微波 周 


May 7-11, 2018, Chengdu, China 
SH7H—1H, Bu 
Y 2018 Int. Conf. on Microwave and Millimeter Wave Tech. (ICMMT 2018) 


2018 年 国际 微波 毫米 波 技术 会 议 
v — 2018 年 全 国 微波 毫米 波 会 议 NCMMYW 2018) 


CQ) IEEE 








Prof. Shaogiu Xiao 


Email: xiaoshaogiu@uestc.edu.cn 


